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TBLl AS AN ANTIFUNGAL TARGET 



Description 

[OOOllThc present inventionrelatestoanovelantifungal target, tRN^ 
screeninBmethodsforTTaiinhibitorsandtheiruseasantiflmgalcoinpQ^^^^ 
phaimceutical compositions containixvg them and thei. use in medicine. n)ectfically 
inthctreatmentof anindividual susceptible to or suffering from an atd-flangal 
infection. In particular the compounds fmd use in the treatment of topical or mucosal 

(e g thrush and vaginal candidiasis) ftmgal infections, e.g. causedby fiingus of the 
Candida Species, and for systemic infections, e.g. caused by fungi of Candida and 
Aspersillus species, such as but not limited to C albican., Aspergillus flavus or 
Aspergillus Jumigatus. 

INTRODUCTION 

[0002] Fungal Pathogens 

[0003] Two major fungal pathogens are those of die Candida species, such as bat not 
limited to. C albicans, and those of the Aspergillus species, such as but not limited to, 
Aspergillus Jlavus or Aspergillus fumigatus. 

[0004] Fungal infections can affect humans and animals. Generally, fiingal infections 
occur as a result of opportunistic infection of a weakened or immune-suppressed 
individual and these can include infections of the joints and skin. The yeast Candida 
albicans (C albicans) is one of the most pervasive fungal pathogens in humans. It is 
the cause of en increasing financial and logistic burden on flie medical care system 
and its provideis. Although C. albicans is a member of the normal flora of the mucous 
membranes in the respiratory, gastrointestinal, and female genital tracts, it may gain 
dominance in such locations (e.g. upon treatment with antibacterial antibiotics, in 
patients with diabetes or in patients using corticosteroids) and be associated with 
pathologic conditions. In addition, almost all HIV-positive individuals suffer from a 
Candida infection prior to the onset of developing £uU-blown AIDS. The incidence of 
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Ufe.thxeat.ning fUngal infections has increased dtamatically as the popuU^on of 
i«ccn.promi8edindividuals (including cancer, organ transplant and AIDS 

patients) has increased. Present therapeutic options for the treatment of these 
•nfectionsaxelimitedandthusthereisaneedfornewanti-&i^lcompoundsw^ . 

novel mechanisms of a^on for use in treating or preveniinB such fungal infecnons. 

[0005] Antifungal drug development often relies on the screening of a large number 
of compounds before one or mor. lead compounds are foundihat are effective agatnst 

thetargetfungi.Thus.itiscriticalforthedevelopmentofthesescreenstodefine 
proteins essential for survival or growth of the target fungi and to discover nxeans of 
purifying or producmg such proteins. Thus, there is a need in the art to identify 
essential fUngal structural or functional geneproducts that can serve as targets for 
drug intervention, and for methods for identifying useful anti-fungal agents that 
impair the function of these essential fimgal gene products, and for compositions that 
can be used to treat f^mgal infections by preventinB or inhibiting the growth of. and 
preferentially killing, the fungi. 

[0006] Identification of "Essential" Genes 

[0007] Varying definitions are used in the art for what constitutes an essential gene, 
but the term is most frequently applied to those genes necessary for growth on rich 
medium. This variation in the art can be misleading and restrictive in terms of 
identifying gene products that constitute good antifimgal targets. A significant amount 
of C. albicans genomic sequence information is available in both public 
O Ulp ./,W'.goqueii uu .umuf uL J. LJi n ^in i il V ri 7nrfMrT0 and private (Incyte Genomics 
Inc.) databases. This can be combined with genomic sequence data ftom other 
• organisms (The yeast genome directory, 1997. Nature, 387(6632 Suppl):5; Wood V. 

et al, 2002. Nature. 415(6874):871.80) and with supporting data such as the 
functional profiling of the Saccharomyces cerevisiae genome (Giaever G, et al, 2002. 
Nature, 418(6896):387-91). This bioinformatics driven approach has allowed the 
prediction of genes that may be essential in C. albicans (Spaltmann F. et al, 1999. 
Drug Discovery Today. 4: 17-26). However, even for relatively closely related 
organisms such as Saccharomyces cerevisiae and C. albicans, there are significant 
differences that make such in silico predictions unreliable. For example, CETl and 
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CDC25 .renotessentialinC a/Wc«r« despite being essential in 5«ccA«rcim,c« 
cer^nsioe (Enloe B. et al, 2000, J Bacteriol, Oct, 182:20, 5730-6; Dunyak D S. ct al.. 
2002, 6* ASM Conference on Candida and Candidiasis). 

[0008] There are several strategies for identifying essential genes in C. albicans by 
practical methodology. Negative approaches rely on the inability to generate a strain 
that contains a disrupted functional target gene. The majority of genes characterised m 
this way rely on variations of the URAblaster method (Fonzi W A & Irvin M Y. 
1993. Genetics, 134:717-728). These techniques can be highly effective for analysing 
individual genes, but they may not be completely reliable. CETl was incorrectly 
reported to be essential in C albicans because viable homozygous mutants could not 
be recovered using the URA blaster mefliod (Pei, et al, 2001). However it has 
subsequently been shown not to be essential Punyak. et al. 2002). Positive 
approaches control the expression of the target gene either indirectly, such as using 
antisense RNA (De Backer M D. et al. 2001 . Nat. Biotechnol.. Mar. 1 9:3. 23 5-4 1), or 
direcriy such as promoter replacement with inducible promoters such as MRP 1 and 
let (Munro C A. et al. 2001, Mol. Microbiol., Mar 39:5 1414-26; Nakayama H. et al. 
2000, Infect. Immun.. Dec 68:12 6712-9). 

[0009] Genome wide identification of essential genes has not been successfully 
appUed to C. albicans for several reasons. These include that C. albicans is a diploid 
organism, is not capable of mating under normal circumstances, and that there are few 
functional transposable elements. Attempts to overcome these issues by using 
antisense RKA and promoter interference have had limited success (De Backer et al. 
2001). Therefore there is a need in the art for validated essential genes of fungal 
species, in particular the Candida species, that can be used as targets for the 
development of new antifungal compounds. 

[0010]TRNALigase 

[0011] IRNA ligase (TRLl) E.G. 6.5.1.3 is one of the two proteins required for 
splicing of precursor tRKA molecules containing introns (BaymiUer J, et al. 1994, 
Gene, 142, 129-1 34). It performs the ligation of the two tRNA halves in an ATP- 
dependent reaction, e.g. 
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ATP+{ribonuoleotid6}N+{Tibonucleotlde},^AMP-Hiiph08phate+(^^ 

cleotide>K.M. H^e mi enzyme is encoded by the TRLl gene ^^^'^^ '^^'l 
details for the fungal enzyme are provided under Accession number: P43075 m ^e 
Swiss Prot database 0 .lp. //aa.o . q> nnyo ^ ;CA4962 in the InstitutPasteurCW.c/a 

database (hu, ^.nuilAyu. MCnMT^l^) which is cross-referenced to the 

Stanford open reading frame (ORF) orf6.7649 

^Lip//y>*-w.flequonnt.uUnifuiiIadn^mMniVrn»rfrrf,.). Synonyms for TRLl include 
RNA Ugase (ATP). Polyribonucleotide synthase (AT?) and Ribonucleic ligase. 

[0012] Westaway S K. et al. J. Biol. Chem.. 1988. 263(7). 3171-3176 describe the 
struciure and function of the TRLl gene from S. cerevisiae. 

[0013] The present invention is based on the finding that TRLl is an essential protein 
for the fungal species Candida eni Aspergillus. This finding demonstrates the 
potential for developing fungal selective TRLl inhibitors, which can kill invading 
fungal organisms while sparing the host of any demmental effects. Prior to this 
invention, TRLl has not been considered as a differential target for antifungal 
compounds. 

SUMMARY OF THE INVENTION 

[0014] The present invention relates to fungal tRNA ligase (hereinafter referred to as 
"TllLr) as a target for antifungal therapy, in particular, for antifungal therapy against 
Candida and Aspergillus species. Tlie invention also relates to a method for screening 
or testing for potential antifungal compounds, e.g. small molecules, by determining 
whether a Candidate agent is capable of specifically inhibiting fungal ligase activity 
via a selective interaction with TRLl. The present invention describes the essential 
nature of TRLl in C albicans. It further describes the use of roechanism-based 
assays, with or without the use of a transformed eukaryotic organism with the TRLl 
gene under the control of a heterologous promoter, to facilitote drug discovery. 

[0015] Additionally, the invention relates to TRLl inhibitor compositions and to 
methods for treating fungal infections, e.g. Candida and Aspergillus fungal infections, 
by administering to a host suffering from a fungal infection a therapeutically effective 
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amount of a TRLl inhibitor. 
[0016] Definitions 

[0017] In the context of this invention: 

[0018] "Essential gene" is defined as a fungal gene necessary for growth on rich 
medium. 

[0019] "TRLl inhibitor" is defined as any compound that impairs TRLl function in 
(he fongus. A compound that impairs TRLl Action may be one that, modulates, e.g. 
itOiibits. the expression or activity of TRLl . interacts >vith TRLl or binds to TRLl . 
Furfhemiore. a compound that modulates the expression of TOLl may interfere v«th 
the transcription of the gene encoding TRLl or with the translation of mRNA 
encoding TRLl in target organisms. It is desirable that the compound shows 
specificity for fimgal over host TRLl . A therapeutically effective amount of a TRLl 
irfn^itor is one that is sufficient to inhibit partially or fully the ligase activity via 
TRLl of the causative fungi. 

[00201 "Fragmenf is defined as a fragment of a TRLl polypeptide e.g. as provided by 
accession numbers P43075. CA4962 or the Stanford orf6.7649. having ax least 70%. 
more preferably it has at least 75%. at least 80%. at least 85%. at least 90%. at least 
95% or at least 98% identity to the native polypeptide over the length of the fi-agment 
and which is at least ten amino acids long. An active fragment is one that retains the 
ability to cany out the TRLl enzyme fimction. 

[0021] -Function-conservative fragment" is defined as a TRLl encoding sequence in 
which a given amino acid residue in the polypeptide has been changed without 
altering the overall conformation and function of the native polypeptide, including, 
but not limited to, replacement of an amino acid with one having similar physical 
and/or chemical properties (such as, for example, acidic, basic, hydrophobic, and the 
like) or polymoiphisma. 

[0022] "Fusion protein" unless otherwise specified, is defined as a TRLl polypeptide. 
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fragment or tocrion-o»«v.to *««.f fts»i vi. . coyden. bowl (e-g. » 

pepSde bond), at optionally the N-«™hu. « Ih. OOn^ «» «■ ""^ 
se,^„.eofan..topro.=in(orp«a»tl»..otl™f«.l.ly.«l««.l«.'''«5« 

.n,fao.c,dpo«ionof*»P««ta).»»ft«*ly'>»I«'"'>«'^'«*''^'*^-'' 
linked to the other protein at tte N-teimtau. of ih. conwnt domain of the 

polypeptide. 

[0023] "Growth" is defined as the normal growth pattern of frngi. i.e. the cell 
doubling time during the log phase of growth. For example, in rich media, wild-type 
C. albicans ha8 a doubling time of approximately 60 minutes. Growth of the cells may 
be measured by foUowing the optical density of ceUs in liquid media, where an 
increasing optical density indicates growth. Alternatively, growth can also be 
measured by colony formation from smgle cells on solid media plates. 

[0024] "Viability" is defined as the ability of fimgal cells to resume growth following 
a treatment of the celU that results in cessation of gro^vth. One typical means by 
which viability is measured is by testing the abiUty of cells to form colonies on solid 
media plates. 

DETAILED DESCiaPTION OF THE INVENTION 

[0025] The invention provides TRLl as a specific target for antiflmgal compounds. 

[0026] The methods of the invention provide a facile and specific assay to screen 
compounds as potential antifiingal compounds, in particular, as antifungal compounds 
against Candida wd Aspergillus species. 

[0027] Thus, the invention provides a method of screening or testing for antifungal 
compounds, e.g. against Candida or Aspergillus species, that impair tRNA ligase 
enzyme function (TRLl). comprising: 

a) providing fungal TRLl, preferably Candida ot Aspergillus TRLl; 

b) providuig one or more Candidate compounds; 
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.)c<».tactme=«dTRLI ™fl>»lio»o,«»C».«a.te compound.-. »4 

[00281 Th. ^r«^i«ira^oeit«b^-«^^V«!^^'^^ 
^o. in ..g. «h. «s.y compmo . pow* tahibWon «,»y, a brnd™, 

of a known en2yme 



substrate for TRLl. apreferred enzyme substrate is tRNA. 



[0029] in the screening methods of the invention the Candidas compound or enzyme 
substrate maybe labelled to allow easy quantiiation of the interaction between the 
Candidate compound and the enzyme. Prefembly the substrate is labelled e.g. usmg a 
radiolabel. such as but not limited to. and the preferred substrate is tRNA. 

[0030] mi may be cloned or purified from fiingi for use in in vitro binding, ligand 
binding or transUtion inhibition assays. Preferably, the TRLl is from fungal 
pathogens of humans and animals, such as Candida or Aspergillus species. In a 
particular embodiment. TTlLl may comprise a fragment, a function-conservative 
variant, an active fragment or a fUsion protein of TRLl . 

[0031] TRLl can be purified by techniques well known to those skilled in the art. 
Methods for polypeptide purification include, without limitation, preparative discgel 
electrophoresis, isoelectric fbcusing, HPLC, reversed-phase HPLC, gel filtration, ion 
exchange and partition chromatography, and countercurrent distribution. For some 
purposes, it is preferable to produce the polypeptide in a recombinant system in which 
the protein contains an additional sequence tag that facilitates purification, such as. 
but not limited to. a polyhistidine sequence. Tire polypeptide can then be purified 
from a crude lysate of the host cell by chromatography on an appropriate solid-phase 
maiiix. Alternatively, antibodies produced against the fongal target FOtein or against 
peptides derived therefrom can be used as purification reagents. 

[0032] TKLl can also be provided in a transformed eukaryotic organism under the 
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^ „ ai«lo«i in, .... MotaculT CWns, A Ubm^O- M«.a,l (2nd Ed 
S»to*Fri.«h«^M»i^.ColdSpn„sH«b«)«.dC«»tP.»<«o>^- 
Mol»a« Biology (Ed., Au»W. Br.«. Mo«, Fcid»». Snufl.»d SUM. 

OrecM Publ. Assoc,, WUey Iiitei«iMi», NY. N.Y,, 

[0033] ■nm. »» initio" «1» Pn-vMes . modified onk«yotic «n(,) wherein *. 
«,»(.) expresses TOLl under tkoeontrol of. kettwlogoos promoter. loon. 
«nbodim.nt fh. TBLX m.ybe.1«t«ol080u. orl»aolojou. Prete^ly, d-oTW-I « 
homologous- 

[O034] m eukaryotic cell is preferably C a/Wca«. or S. cemsiae, more preferably 

C. albicans. 

[0035] In a specific embodiment, TRLl may be expressed in a tetracyoline- 
regulatable expression system. The retracycline-regulatable expression system is an 
established tool for conditional expression of eukaryotic genes (Gossen M A, & H. 
Btjard 1992, Proc Natl. Acad. Sci. USA. 89:5547-5551; Nagahashi S. et al. 1997. 
Mol Oen. Genet. 255:372-375; Nakayama H, ct al. 1998, Microbiology. 144:2407- 
2415; Nakayama H. et al. 2000, Infect Immun., Dec 68:12 6712-9). Such a system 
consists of two components derived from the TnlO transposon of Escherichia cob 
(HiUen W. & A Wissmann, 19B9, In Protein-nucleic acid interaction, vol. 10. 
Macmillan Press. London. United Kingdom, p. 143-162). The first component 
comprises a minimal promoter element downstream of a tetracycline operator 
sequence (tetO). which replaces the natural promoter of the target gene. The second 
component is a tmnsactivator. that is a fusion protein comprising a transcriptional 
activation domain and the tetracycline repressor protein (TetR). 
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roo36] in the absence of tetraoydine. TetR specifically binds to t^^ 
resulting in the activationoftrat^scriptionby recruiting the txansacti^^^^^ 
promoter. When tetracycline is present, itbind. ro the TetR repressor with h^gh 
affinity and inhibits dimerisation. thereby preventing binding to tetO. Therefore, 
TRLl gene expression is activated in the absence, and repressed m the presence, of 
tetracycli»e.Asynthetictetracyclinederivative.suchasbutnotlimitedto, 

doxycycline can be used to control the expression of the TRLl gene as described 



ftbove. 



[0037] The tetracycline-reguUtable expression-system has several advantages over 
alternative systems. It was derived from a prokaiyotic system so it is not anticipated 
to showpleiotropic effects (GossenandBujard. 1992). it canbe used in an animal 

host (Nakayama H. et al. 1998. Microbiology. 144:2407-2415; Nakayama H. et al. 
2000, Infect Immun., Dec 68:12 6712-9). It is highly specific, and non-toxic. 

[0038] Such modified cells may be used in screening methods, Tlius. the invention 
also provides a method of screening or testing for Candidate anti-fungal compounds. 
e.g against Candida o: Aspergillus species, that impair TRNA ligase enzyme (TRLl) 
function, comprising; [0O39] a) providing ftmgal TRLl. preferably Candida or 
Aspergillm TKLl. in a eukaiyotic cellCs) that expresses TRLl under the control of a 
heterologous promoter; [0040] b) providing one or more Candidate compounds; 
[0041] c) contacting said eukaryotic cell(s) with said one or more Candidate 
compomids; and [0042] d) determining the interaction of the Candidate compound 
with said TRLl by assessing the effect on growth or viability of said cells. 

[0043] TT>e screening methods of the invention include boih in vitro and in vivo 
methods. Candidate compounds which may be screened according to the methods of 
tiie invention include small molecules and peptides. Tlie Candidate compounds may 
be synthetic compounds, a mixture of synthetic compounds, a crude preparation, a 
purified preparation or an initial extract of a natural product obtained from plant, 
microorganism or animal sources. 

[0044] The invention also provides a compound identified by the scieemng methods 
described above, which impairs TRLl faction and is referred to herein as a "TRLl 
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inhibitor" 



[0045] TRLl inhibitors of the invention are useful as antifungal compounds. Thus, 
they may be used in the treatment and prevention of various ftngal infections such as 
topical or mucosal (e.g. thrush and vaginal candidiasis) fungal infections, caused by 
e.g. Candida species, and for systemic fUngal infections, caused by e.g. Candida and 
Aspergillus species, such as but not limited to C albica>is. Aspergillus flavus or 
Aspergillus Jimigatus. 

[0046] For Ac purposes of this invention, the medicament can be used in the curative 
or prophylatic treamient of fiingal infecrions in humans and animals, especially 
domestic animals such as dogs, cats, horses eto. 

[0047] In addition, the TRLl inhibitors also find use in the curative or prophylatic 
treatment of flmgal infections in subjects who are immunosuppressed e.g. as a result 
of a therapy (e.g. chemotherapy or radiotherapy), organ transplant or an infection (e.g. 
HIV). 

[0048] In additional embodiments, therefore, the present invention provides: 
i) the use of a TRLl inhibitor as an anti-fimgal agent. 

[0049] ii) the use of a TRLl inhibitor in the manufacture of a medicament for the 
ttealment of fimgal infections, such as topical or mucosal (e.g. thrush and vaginal 
candidiasis) fungal infections, e.g, caused by Candida species, and for systemic 
fungal infections e.g. causedby Candida ani Aspergillus s^cci^s, such as but not 
Umitedto. C. albicans. Aspergillus flavus m Aspergillus fumigatus, 

[0050] iii) the use of a TRLl inhibitor in the manufacture of a medicament for the 
treatment of fungal infections in a subject who is immunosuppressed. for example, as 
. a resuh of a therapy (e.g. chemotherapy or radiotherapy), organ transplant or an 
infection (e.g. HIV). 

[0051] iv) a method for the treatment or prevention of fimgal infections in a host, such 
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as topical or mucosal (e.g. thrush and vagfaal candidiasis) fungal infections, e.g. 
cjivisedhy Candida species, and for systemic fUngal infections, e.g. caused by 
Candida and Aspergillus species, such as but not limited to C albicans, Aspergillus 
flavus or Aspergillus JUmigatus, which comprises administering to the host a 
therapeutically or ptophylflctically effective amount of a TRLl inhibitor. 

[0052] V) amethod for the treatment or prevention of fimgal infections inasubject 
who is immunosuppressed. for example, as a result of a therapy (e.g. chemotherapy or 
mdiotherapy). organ transplant or an infection (e.g. HIV) which comprises the step of 
administeiing to the subject a therapeutically or prophylactioaUy effective amount of a 
TRLl inhibitor. 

[0053] In order to use TRLl inhibitors in therapy (human or veterinary), they will 
normaUy be formulated into a pharmaceutical composition in accordance with 
standard pharmaceutical practice, e.g. by admixing the TRLl inhibitor and a 
pharmaceutically acceptable carrier. 

[0054] Thus according to a fbrther aspect of the invention there is provided a 
pharmaceutical composition comprising a TRLl inhibitor and a pharmaceutically 
acceptable carrier. The pharmaceutical compositions are particularly useful in the 
prevention or treatment of fungal infections, preferably, in the treatment of Candida 
at Aspergillus fimgal infections. 

[0055] TEILI inhibitors may be administered to a host by any of the routes 
conventionally used for drug administration, for example they may be administered 
parenterally. orally, topically (including buccal, sublingual or transdermal) or by 
inhalation. The most suitable route for administration in any given case will depend 
on the particular TRLl inhibitor, the infectious organism involved, the host, and the 
nature and severity of the disease and the physical condition of the host. 

[0056] The TRLl inhibitors may be administered in combination, e.g. simultaneously, 
sequentially or separately, wilh one or more other therapeutically active, e.g. 
antifungal, compounds. 
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[00571 dosage .0 b= .Im^ rf. TM.1 tah«.H« »iU v«y « ft 

of h tanu." •"^ «^ ^ °^ 

„g/lg » 750 mg/l* For prcpl^-taoU. ^ inbun« »d »in«l». *• ■^f 
range from 0.01 mg/kg to 100 mg/kg. 

roOSSlTU compositions may contain ftom 0.1% by weight, preferably from 10-60% 
by weigK of the TULl inhibitor, depending on the method of administration. 

[0059] Pharmaceutical compositions may be conveniently presented in unit dose 
forms contdningapredetermined amount of TRLl inhibitor per dose. Suchaumt 

may contain for example but without limitation. 1 00 mgAcg to 0, 1 mg/kg dependmg 
on the conditionbeing treated, the route of administration and the age. weight and 
condition of the host Preferred unit dosage compositions are those containing a da.ly 
dose or sub-dose. as recited above, or an appropriate fraction thereof. . of the active 
ingredient. 

[0060] It will be recognized by one of skUl in the art that the optimal quantity and 
spacing of individual dosages of an agent of the invention will be determined by the 
nature and extent of the condition being treated, the form, route and site of 
administration, and the particular host being treated, and that such optimums can be 
determined by conventional-techniques. It will also be appreciated by one of skill m 
the art that the optimal course of treatment, i.e. the number of doses of an agent of the 
invention given per day for a defined number of days, can be ascertained by those 
skilled in the art using conventional course of treamient determination tests. 

[0061] Dosage regimens are adjusted to provide the optimum desired response. For 
example, a single bolus may be administered, several divided doses may be 
administered over time or the dose may be proportionally reduced or increased as 
indicated by the exigencies of the therapeutic situation. 

[0062] Pharmaceutically acceptable carriers for use in the invention may take a wide 
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variety of forms depending, e.g. on the route of administraiioii. 

[0063] Compositions for oral administration may be liquid or solid. Oral liquid 
preparations may be in the form of, for example, aqueous or oily suspensions, 
solutions, emulsions, syrups or elixirs, or may be presented as a dry product for 
teconstitudon with water or other suitable vehicle before use. Oral liquid preparations 
may contain suspending agents, for example sorbitol, methyl cellulose, glucose syrup, 
gelatin, hydroxyethyl cellulose, carboxymefliyl cellulose; aluminium stearate gel or 
hydrogenated edible fats, emulsifying agents, for example lecithin, sorbitan 
monooleate. or acacia; waier. non-aqueous vehicles (which may include edible oils), 
for example almond oil. oily esters such as glycerine, propylene glycol, or ethyl 
alcohol; preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic 
acid; flavoring agents, preservatives, coloring agents and the like may be used. 

[0064] In the case of oral soUd preparations such as powders, capsules and tablets, 
carriers such as starches, sugars, microcrystalline cellulose, diluents, granulating 
agents, lubricants, binders, disintegrating agents, and the like may be included. 
Because of their ease of administration, tablets and capsules represent the most 
advantageous oral dosage unit form in which case solid pharmaceutical carriers are 
generally employed. In addition to the common dosage forms set out above. TRLl 
inhibitors may also be administered by controlled release means and/or delivery 
devices. Tablets and capsules may comprise conventional carriers or excipients such 
as binding agents for example, syrup, acacia, gelatin, sorbitol, tragacanth. or 
polyvinylpyrrolidone; fillers, for example lactose, sugar, maize-starch, calcium, 
phosphate, sorbitol or glycine; tableting lubricants, for example magnesium stearate. 
talc polyethylene glycol or silica; disintegrants. for example poiato starch; or 
• acceptable wetting agents such as sodium lauryl sulphate. The tablets may be coated 
by standard aqueous or non-aqueous techniques according te methods well known m 
normal pharmaceutical practice. 

[0065] Pharmaceutical compositions of the present invention suiteble for oral 
administration may be presented as discrete units such as capsules, cachets or tablets, 
each containing a predetermined amount of the active ingredient, as a powder or 
gramxles. or as a solution or a suspension in an aqueous liquid, a non-aqueous liquid. 
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an oil-in-water emulsion « a watcr-in-oil liquide^^^^^^^^ 
pxeparedbyanyofihemethodsofphannaoybutallmethodsincludethestepof 

Lging into association^e active ingredientwiththe earner, wlnchc^^^^^^^ 

or more necessary ingredients. In general, the compositions are prepaid by umformly 
and intimately admixing the active ingredient withUciuid carriers or fin^^^^ 
solid carriers or both, and then, if necessary, shaping the product into the dcsned 
presentation. For example, a tablet may be prepared by compression or mouldmg, 
optionally with one or more accessory ingredients. 

[0066] Compressed tablets may be prepared by compressing, in a suitable machine 
the active ingredient inafree-flowing form suchasapowder or granules, optionally 

nuxed withabinder. lubricant, inert diluent, surface active or dispersing agent. 
Moulded tablets may be made by moulding, in a suitable machine, a mixture of the 
powdered compound moistened with an inert Uquid diluent. Desixably, each tablet 
contains from about I mg to about 500 mg of the active ingredient and each cachet or 
capsule contains from about 1 to about 500 mg of the active ingredient. 

[00671 Compositions comprising a TRLl inhibitor may also be prepared in powder or 
liquid concentrate form. Conventional water soluble excipients, such as lactose or 
sucrose, may be incorporated in the powders to improve their physical properties. 
Thus, particularly suitable powders of this invention comprise 50 to 100% w/w, and 
preferably 60 to 80% w/w of the combination and 0 to 50% w/w and preferably 20 to 
40% w/w of conventional excipients. When used in a veterinary setting such powders 
may be added to animal feedstuffs. for example by way of an intermediate premix. or 
diluted in animal drinking water. 

[0068] Liquid concentrates of this invention for oral administration suitably contain a 
water^oluble compound combination and may optionally include a pharmaceurically 
acceptable water miscible solvent, for example polyethylene glycol, propylene glycol, 
glycerol, glycerol formal or such a solvent mixed will, up to 30% v/v of ethanol. 

[0069] Pharmaceutical compositions suitable for parenteral administration may be 
prepared as solutions or suspensions of the TRLl inhibitors in water suitably mixed 
with a surfactant such as hydroxypropylcellulose. Dispersions can also be prepared m 
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growth of microorganisms. 

Wu^.»«P»^ing.Be«,«>d«ck«nn8«en».Ex»».P0-cu.m,ec»n„, 

tablets. 

ro071]Thecompositiansn«.ybepTes.nUdinurit-doseormulti-d^^^ 
exan.pleinsealedampoules«.dvialsandtoenhancestabnity.may^^ 

f^e^-dried (lyophyllized) condition requiring only tbe addition of the sten e Uqu.d 
carrier, for example .ate. forinjections. immediately prior to use. Tl^estenle. 

caniermaybesuppliedinaseparatevialorampouleandcanbeasolventor 
dispersion medium containing, for example, water, ethanol. polyol (e.g. glycerol, 
pn^ylene glycol and liquid polyethylene glycol), suitable mixtures thereof, and 
vTgetable oils. Advantageously, agents such as a local anaesthetic, preservative and 
buffering agents can be included ihe sterile Uquid carrier. 

[0072] Pharmaceutical compositions adapted for topical administration may be 
formulated as ointments, creams, suspensions, lotions, powders, solutions, pastes, 
gels, impregnated dressings, sprays, aerosols or oils, transdermal devices, dustutg 
powders, and the like. These compositions may be prepared via conventional methods 
confining the active ingredient. Thus, they may also comprise compatible 
conventional carriers and additives, such as preservatives, solvents to assist drug 
penetnition. emollients in creams or ointments and ethanoloroleylalcoholf<.lon^^ 
Suchcarriersmaybepresentasfromaboutl%uptoabout98%ofthecomposr.on. 

More usually they will form up to about 80%ofthe composition. AS an Ulustrauo^ 
only, a cream or ointment is prepared by mixing sufficient quantities of hydn^phrhc 
niaterial and water, containing &om about 5-10% by weight of the compound, m 
sufficientquantitiestoproduceacreamorointmenthavingtbedesiredconsistency. 
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[0073] Pharmaceutical compositions adapted for transdermal administration may be 
presented as discrete patches intended to remain in intimate contact with the 

epidennis of the lecipient for a prolonged period of time. For example, the active 
ingredient may be delivered ftom the patch by iontophoresis. 

• [0074] For applications to external tissues, for example the mouth and skin, the 
compositions are preferably applied as a topical ointment or cream. When formulated 
in an ointment, the active ingMdient may be employed with either a paraffinic or a 
water-miscible ointment base. Alternatively, the active ingredient may be formulated 
in a cream with an oil-in-water cieam base or a water-in-oil base. 

[007 5] Pharmaceutical compositions adapted for topical administration in the moutii 
include lozet^s, pastilles and mouth washes. 

[00761 Pharmaceutical compositions adapted for topical administration to flie eye 
include eye drops wherein the active ingredient is dissolved or suspended in a suitable 
carrier, especially an aqueous solvent. They also include topical ointments or creams 
as above. 

[0077] Phaimaoeutioal compositions suitable for rectal administration wherein the 
carrier is a solid are most preferably presented as unit dose suppositories. Suitable 
carriers include cocoa butter or other glyceride or materials commonly used in the art, 
and the suppositories may be conveniently formed by admixture of the combination 
with the softened or melted camer(s) followed by chilling and shaping moulds. They 
may also be administered as enemas. 

[0078] Phaimaceiitical compositions adapted for vaginal administration may be 
presented as pessaries, tampons, creams, gels, pastes, foams or spray compositions. 
I These may comprise emollients or bases as commonly used in tiie art. 

; [0079] All publications, including but not limited to patents and patent applications, 

I cited in this specification are herein incorporated by reference as if each individual 

I publication were specifically and individually indicated to be incorporated by 
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reference herein as though fiiUy set forth. 

[0080] The following examples are to be construed as merely illustrative and not a 
limitation on the scope of the invention in any way. 

EXAMPLES 
Example 1 
Expression of TRLl 

[0081] The TRLl ORF was cloned into pGex-6P-l (Pharmacia Biotech) to enable 
expression asaS' GST fusion protein. Host£. co« used were Rosetta(DE3)pLysS 
(Novagen) cells. Cells were grown at 37" C to mid log phase (OD600M).6) then 
cooled to 25* C. and induced with 0,3 mM IPTG for approximately 4 h. 

Example 2 
Purification of TRLl 

[0082] E. ooU cells &om 10 L of culture were harvested by centrifugation at 6000x g 
for 10 min. The cell pellets were frozen at -80' C, thawed and lesuspended in 250 ml 
of bufffer A (20 mM Hepes (pH7.4), 5 mM DTT, 140 mM NaCl. 1 mM EDTA, 10% 
(v/v) glycerol, 0.02% (w/v) sodium azide, and a protease inhibitor cocktail consisting 
of 1 mM benzamidine. 1 jxg ml"* each of pepstatin. antipain and leupeptin. 0.2 mM 
PMSF. Complete (Roche) and general protease inhibitor cocktail (Sigma). 

[0083] nie extract was sonicated in 3x 10 s bursts to reduce viscosity. Triton X-lOO 
was added to 1% followed by centrifugation at 75 OOOx g for 10 min. The supernatant 
was batch loaded onto 5 ml Glutathione Sepharose (Amersham Biosciences) at 4° C 
with constant tumbling. The resin was extensively batch washed with phosphai« 
buffer containing 0.5M NaCl then with buffer B (20 mM Hepes (pH 7.4). 1 mM DTT. 
1 mM EDTA, 100 mM NaCl. 10% glycerol. 0.02% sodium azide). The resin was then 
packed into a disposable PD-10 column. GST-TRL-l was eluted with buffer C (20 
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mM Hepes. (pH 8), 1 inM DTT, 1 mM EDTA, 10% glycerol. 0.02% sodium azide 
and 20 mM reduced glutattiione). 

[0084] Fractions containing GST-TRL-1 were pooled and incubated with PreScission 
protease (2.5 U/mg GST-TRL-1) (Amersham Biosciences) overnight at 4^ C. The 
protein was then applied to a Mono Q column (HRS/S) linked to an AKTA FPLC 
system (Amersham Biosciences). TRL-1 was eluted using a linear 0-500 mM NaCl 
gradient and TRL-1 was eluted at approximately 300 mM NaCL 

Example 3 

TRLl Assay 

[0085] 3.1 Preparation of ^^P Labelled tRNA Substrate 

[0086] The complete C. albicans tRNA pro gene is amplified from CAF2-1 genomic 
DNA using an upstream primer containing the T7 promotor sequence and the 
downstream primer sequence. 

[0087] T7 Promotor Sequence: TABLE-US-OOOOl 

TAATACGACTCACTATAGGGTCAATGGTGAAGTGGC (SEQ ID NO: I) 

[0088] Downstream Primer Sequence: TABLE-US-00002 
GGGGTCAACCGGGAATCG (SEQ ED N0;2) 

[0089] The PGR product (300 ng) is used as a template for in vitro transcription for 3 
h at 37^ C using MegaShortscript kit (Ambion) incorporating 1 ^Ci of 
[.alpha,^^P]ATP (Amersham). The template is degraded using Rnase free Dnase 
(Ambion) at 37^ C for 15 min and the tRNA substrate is precipitated by addition of 2x 
volumes of ethanol and resuspended in water to a concentration of 1 mg/ml. 

[0090] 3.2 Isolation of tRNA Endonudease 

[0091] The purification of tRNA endonudease is loosely based on the method of 
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Peebles C L, et al, (1983, Cell, 32(2) 525-36). C albicans spheroplasts are prepared 
from l.lamda. of CAF2-1 cells grown overnight in YEPD at 30* C Pelleted cells are 
washed with 20 ml water and resuspended in 3 ml of zymolyase buffer (50 mM Tris- 
pH7.5, 10 mM MgCh, IM Sorbitol, 30 mM DTT). After 15 min at room temperature 
the cells are pelleted and resuspended in 3 ml of zymolyase buffer plus 6 mg 
Zymolyase-IOOT (ICN)- Following 90 mins incubation at 37^ C the spheroplasts are 
pelleted and washed 3 times and resuspended in 1.5 ml in zymolyase buffer. 

[0092] Nuclei are isolaied from ttie spheroplasts by pipetting drop by drop into 50 ml 
ficol buffer (18% fjcol-400, 10 mM Tris pH7.5; 20 mM KCl; 5 mM MgCh; 3 mM 
DTT, 1 mM EDTA, protease inhibitor cocktail (Roche)) at 4* C. with continuous 
stirring. Unlysed cells and cell debris is removed by centrifugation at 3400x g (5 mins 
4'* C) and the nuclei are pelleted by centrifbgation at 20,000 x g (20 mins 4'' C). 

[0093] The nuclei are resuspended in 7.5 ml HSM (IM KCl, 100 mM Tris pH8, 10% 
glycerol, 2 mM EDTA, 5 mM Spennidine, 1 mM DTT, protease inhibitor cocktail 
(Roche)), pelleted at 20,000x g (20 min 4"^ C) and resuspended in 7,5 ml LDM (20 
mM Tris pH8, 10% Glycerol, 2 mM EDTA, 5 mM P-ME, 0.02% Triton XlOO). After 
10 min at 4° C, the nuclei are pelleted by ultra-centrifugation (150,000 x g 1 h 4*^ C) 
and resuspended in 10 ml ME (20 mM Tris pH8, 10% glycerol, 5 mM P-ME, 1 mM 
EDTA,) plus 2% Triton XlOO and O.IM (NH4)2S04 After 30 min 4** C the supematant 
is clarified by ultra-centrifugation (150,000 x g 1 h 4** C) 

[0094] The endonuclease is enriched by srepwise elution (20 ml ME, 0.9% Triton 
XlOO, O.IM (NH4)2S04, followed by 20 ml ME, 0.9% Triton XlOO, 0.25M 
(NH4)zS04, followed by 20 ml ME, 0.9% Triton XlOO, 0.45M (NH4)2S04) of the 
supematant applied onto a 10 ml Heparin-agarose (Sigma) column (pre-equilibrated 
with ME plus 0,9% Triton XlOO and O.IM (NH4)2S04) 2 ml fractions are collected, 
the endonuclease elutes in the 0.45M (NH4)2S04 fractions. The active fractions are 
pooled and dialysed overnight against IX Storage buffer (20 mM Tris pH8, 0.2 mM 
EDTA, 0.5 mM DTT, 0.5% Triton XlOO, 35% Olycerol), The protein is concentrated 
(lOx) by ultra-filtration (Vivaspin) and stored at -20'* C in aliquois. 

[0095] 3.3 Assay Conditions 
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[0096] The tRNA processing assay Is baaed on die method of Greer C L, et al, (1983, 
Cell, 32(2) 537-46). Labelled tRNA substrate (100 ng) is spliced and ligated using 4 
(ig of TRLl ligase and 10 jig of tRNA endonuclease in a 10 nl ieaorion containing 25 
mM NaCl, 20 mM Tris pH7.6. 5 mM MgC12, 2.5 mM Spermidine, 1 mM DTT, 0.4% 
Triton XI 00, 1 mM ATP, 0.1 mM GXP. The reaction is incubated at 30° C for 1 h and 
stopped by adding 1 yl stop solution (100 mM EDTA, 0.2% SDS, 2 mg^mil 
Proteinase K). After 10 min at 50° C an equal volume of gel loading buffer is added to 
the reaction (95% formamide, 0.5 mM EDTA, 0.025% xylene cyanol, 0.025% 
Bromophenol blue, 0.025% SDS) and the tRNA is denatured by heating at 95° C for 2 
min. The samples are loaded onto a 10% polyacrylamide TBE-Urea gel, and 
following electrophoresis at lOOV, the tRNA bands on the gel are visualised by 
autoradiography. 

Example 4 

TRLl as an Essential Gene Product 

[0097] 4.1 Construction of the Tetracycline-RegulatablB Expression System 

[0098] C. albicans CAI8 is a suitable parental strain for all manipulations. The 
parental strain is constructed to constiftitively express a codon-optimised tetracycline 
transaotivator, consisting of TetR fused to the viral VP16 transcriptional activation 
domain (Gari E, et al, 1997. Yeast, 13:837-848), from the chromosomal enolase 
promoter (Mason A B, et al, 1993, J. Bacteriol, 175: 2632-2639). One copy of the 
target gene, TRLl , is disrupted in the transactivator expressing strain using the 
standard URA-blaster method (Fonzi W A & Irwin M Y, 1993, Genetics, 134:717- 
728). The promoter region of the other TRLl allele is then replaced with the rainimttl 
promoter element containing the tetracycline operator sequence tetO. Both in vivo anc 
in vitro this system enables strong induction and tight repression of TRLl gene 
expression in the absence and presence, respectively, of the tetracycline analogue 
doxycycline. 

[0099] 4.2 In Vitro Validation Experiments 
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[0100] The essential nature of TRLl maybe detenninedby asseadng the growth and 
viability of the C. albicans strain modified to include a tetracycHne-regulatable TRLl- 
expression system as described above (section 4.1). A single ftesh colony (grown at 
30- C m rich medium in the absence of tetracycline) is used to streak fresh plates 
containing synthetic complete medium minus uiacU (SC-U) (Qbiogene). plus 2% 
agar, plus or minus 20 ugAnl doxycycUne as indicated. C3towth is scored after 2 days 
« SO" C. Inipairment in the ability to form colonies would be expected under the 
conditions where TRLl expression was repressed (i.e. in the presence of 
doxycycline). 

[0101] Growth of the tetracycline-iegulatible HO-l -expression system C albicans 
strain in liquid SC-U medium may also be assessed. The inoculum is a 1: 100 dilution 
of an overnight culture adjusted with PBS to an optical density at 600 nm=l and 
stored at A" C. Growth, at 25' C, plus or minus 20 ^g/ml doxycycline. is measured at 
30 min intervals over a 43 h time period or until the growth has noticeably reached a 
phiteau. Growth curves are recorded in 96 well plates in a Wallac plate reader (600 
mn. 25" C heated stage. 2 mm orbital shaking pattern). Significantly reduced growth 
. rates would be expected under the conditions where TRLl expression was repressed 
(i.e. in the presence of doxycycline). 

Example 5 • 

TRLl as an Essential Gene Product: In Vivo Validation Experiment-Murine Model 
of Systemic Infection with C. albicans Conditional Mutants 

[0102] Several reproducible animal models have been described including those of rat 
vaginal and oral Candidiasis (Calderone R A & Braun P C. 1991, Microbiol. Rev.. 
55: 1-20). However, the most commonly used model is the murine model of 
hematogenously inoculated, disseminated Candidiasis (Ghamioum M A. et al, 1 995. 
Infect immun.. 63:4528-4530). In the murine disseminated model, a single dose of 
organism is inoculated via the tail vein. The end points for this model are survival of 
animals and tissue counts of C. albicans (generally the kidneys). 
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[0103] To fiirther Validate the essential nature of the TRLl gene, the conditional 
mutants of C albicans strains (as described in Example 4, section 4.1). wherein the 
TRLl gene is under the control of a tetracycline repressfljle promoter, may be tested 
to determine whether they are attenuated in an inimuno-<5ompetent murine model of 
infection (Ghannoum et al. 1995) as follows: 

[0104] Initially the organisms are grown in the absence of DOX, since under these 
conditions they would express ihe TBLl gene. These organisms are then used w 
inoculate two groups of 12 of mice. One group is treated with DOX in which 
expression of the niLl gene is repressed, and the second group of mice is treated 
with water (control) wherein the gene continued to be expressed, The mice used are 
smgle sex BALB/c mice. Harlan, 4 weeks old and weighing between 19-22 g. 

[0105] Infective doses of C. albicans are injected into the tail vein. The inocula are 
from saline-washed fresh stationary phase cultures grown in NGY medium [0. 1 % 
neopeptone. 0.4% glucose. 0. 1% yeast extract] for 1 8-24 h at 30^ C. Yeasts grown in 
this way have a viable count of 2xl0' CFU/ml.+-.0.3x lO' CFU/ml and can easily be 
adjusted to the desired concentration with saline. The concentration is checked by 
spectrophotometry and verified by viable counts. The volume injected is the same 
across the doses. An infective dose of Ix 10« CFU/mouse is used. This infective dose 
has previously been shown to give a mean survival time of 5-7 days in BALB/c mice. 

[0106] Animals are fed food and water ad libimm throughout the course of 
experiment. In the DOX-treated group (+DOX), mice are administered with DOX (2 
mg/ml) dissolved in 5% sucrose solution as drinking water from 2 days before the 
inoculation of C. albicans cells, The mice are known to drink approximately 5 ml of 
sucrose solution every day. Under this regimen, the concentrations of DOX in serum, 
liver, and kidney are maintained at more than 2 mg/ml of semm, 8 mg/g of Uver. and 
lOmg/gofkidney. respectively (NakayamaH.etal. 1998. Microbiology, 144:2407- 
24 1 5.) Percent survival is followed over 28 days with daily body weight monitoring. 
Differences between the effects of C albicans with the TRLl gene active (-DOX) or 
repressed (+DOX) in vivo are monitored by mouse survival, kidney burdens of viable 
fungi, and changes in body weight relative to baseline. 
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Sequence CWU 1 

2 1 36 DNA Homo sapiens 1 taatacgact cactataggg tcaatggtga agtggc 36 2 18 DNA 
Homo sapiens 2 ggggtcaacc gggaatcg 1 8 
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